ABSTRACT In order to adequately care for an increasingly aging population, there is a need for novel technical solutions to enhance the standard of living for patients and elderly people. Thus, gathering of health-related data and information on usage to improve said solutions is of uttermost importance. In order to allow a seamless integration for use in hospitals and retirement or private homes, these technical aides have to be the first and foremost easy to use and install. To this end, we present a sensor mat that is able to detect urinary incontinence as well as bed occupancy by patients and can be positioned underneath the bed sheet for easy usage. Thus, it can be applied fast and reliable to use by nursing staff or caretakers. The focus of this paper lies on the external unit, which consists of auxiliary electronics for data recording and processing, as well as either a proprietary radio frequency or a WiFi-Module for data transmission. Wetness is detected by measuring the resistance of embroidered electrodes, while the occupancy status is determined by the capacitance of these electrodes. The electronics can be powered by three standard AA batteries, and assuming a battery capacity of 1500 mAh, the sensor mat can be used all day for up to 2.8 years. Within this work, the electronic monitoring and alert system is presented and characterized by sensory data obtained during a variety of different tests. Due to its low-power consumption and, apart from cleaning, maintenance free operation, the presented sensor mat is an ideal tool to employ in various scenarios.
I. INTRODUCTION
World population is aging at an increasing rate, it is estimated that the number of people at the age of 60 or over will have reached 2 billion by the year 2050 [1] . Due to this rising number of elderly people, certain ailments will inevitably increase. One of the major neurological impairments in geriatrics is urinary incontinence (UI), which describes the involuntary loss or leakage of urine [2] . Leaving all the common problems and discomfort associated with UI, such as skin problems aside, it has also been linked to frailty [3] . Thus, it would prove beneficial for patients as well as medical and nursing staff if technical solutions could target both UI and symptoms connected to frailty. Furthermore, it is crucial that care products are easy to use and reliable in order to minimize installation effort and minimize care efforts. The approach presented in this paper is based on 3D electrodes
The associate editor coordinating the review of this manuscript and approving it for publication was Weihong Huang. manufactured by technical embroidery that forms a sensor mat, which is placed underneath a bed sheet [4] . Wetting and occupancy by a person alters basic electric properties such as resistance and capacitance of said mat. Thus, by measuring these parameters with auxiliary electronics, UI and occupancy can be detected at the same time for the first time using a single solution. Before discussing the technical details of the developed setup and the intricacies of data acquisition, a closer look will be taken on other care products and approaches concerning the detection of UI.
A. STATE OF THE ART
Currently, several different approaches exist, that target the detection and/or disposal of UI [5] . It is customary for these products, that a wetness dependent sensor alongside auxiliary electronics is placed in a location where UI is likely to occur, e.g. in the middle of the bed. The electronics will monitor the wetness level and analyze the data. In the event that a certain threshold of wetness is exceeded, an external receiver unit will be notified and an alarm will be raised. If the sensor is placed on, or in a diaper, these products are labeled as wet diaper alarm systems (WDAS). Examples for these include disposable, semi-passive RFID (Radio Frequency Identification) sensors [6] and also reusable sensors made out of stainless steel electrodes [7] . Other approaches employ screen-printed flexible sensor systems [8] and conductive yarn [9] , [10] . A comparison of different methods is also given in Table 2 .
Additionally, it is important to consider carefully how the sensory data is actually measured and transmitted to the receiver unit in order to raise alarms, needs to be considered carefully. Obviously, cable-based solutions are easy to implement from a technical point of view. However, they are also very inflexible and sometimes difficult to install in pre-existing environments, such as hospital beds and impracticable in the case of sensor-diapers. Thus, wireless solutions are the preferred solution for health care applications [11] . Along these lines, it is also important to carefully choose the hardware to measure the actual sensor data. Although, simple circuitry is often sufficient to obtain the data itself, a more sophisticated approach including microcontrollers as the central unit of the measurement hardware, yields considerably better results. Microcontrollers allow more complex processing of obtained data and additionally enable an efficient power management that extends the battery lifetime of a care product significantly, which will be shown in the following sections. Furthermore, any changes in the wireless interface can be implemented much more rapidly, due to the fact that not the whole hardware itself needs to be overhauled. The measured data can also be pre-processed and thus yield much more accurate statements about UI and occupation in the first place.
Compared to the other mentioned approaches, the setup presented in this paper is able to detect UI and occupation on the same time, has sophisticated data acquisition and is easy to use and install, leading to an improved reliability.
II. TECHNOLOGY: SMART BED INSERT A. DESCRIPTION OF THE TEXTILE SENSOR
As mentioned in the introduction, there are different types of devices for detecting urinary incontinence. In this paper a textile sensor, with embroidered conductive yarns is chosen as the sensing element. The sensor is integrated in a bed insert, which are frequently used for persons suffering UI to protect the underlying mattresses. Compared to diapers, as used in many other WDAS, this approach provides more comfort to the patient, especially if enuresis does not happen on a daily base. According to a survey presented by Roig et al. [12] , episodes of incontinence mostly happen during the night. Therefore, placing the sensing device directly into a bed is a convenient approach. From a point of data acquisition, the use of a bed insert also enables additional detection of bed occupation at the same time. The sensor incontinence mat. The bed insert consists of several layers, a) shows the textile with a drawing of the embroidered electrodes contained in the sensing layer. The first electrode drawn as solid line forms a closed loop between two of the connectors and serves as a reference. The second electrode drawn as dashed line is isolated from the first one if the textile is dry. Although, in case of wetness a contact between the two electrodes is formed by the soaked up urine. In b) a lumped element model for the sensor is shown. It consists of the resistance of the closed reference loop and the resistance and capacitance of the unconnected sensor loops. In chase of a dry pad the sensor resistance is at extremely high values (G range) and can be treated as open, while if the textile comes in contact with urine it drops into k range. The closed loop reference resistance is used to include aging of the sensor into the evaluation (see text).
The textile sensor is constructed as a multi-layer sheet with high absorbency. For reasons of comfort, the top and bottom layers are manufactured from cotton. Between those layers, a textile layer containing embroidered electrodes and a waterproof polymer membrane and are sewed in. In order to connect the sensing electrodes push-buttons are used. A more detailed description of the structure and the setup of the textile sensor has been reported previously [13] . The bed insert with the electrodes is produced by Texible Gmbh. In Figure 1 a) a schematic representation of the sensor mat and the embroidered conductive yarn electrodes are shown. The sensing element consists of two electrodes, which do not touch each other, illustrated as solid and dashed line, respectively, and are connected to the central and lower push-button on the left side. There is no electrical contact between those electrodes when the sensor is dry, thus this loop may be treated as open. As soon as urine is soaking into the textile, the resistance between the electrodes significantly drops, which in turn can be used to detect wetness.
The same electrodes can also be employed to measure bed occupancy when the sensor is dry. For this the capacitance between the two loops is monitored. A person lying on the mat is altering the electric field due to the high dielectric constant of water inside the human body, which can be observed as a change in capacitance between the two sensor electrodes. [15] , the time difference dt between V in and V out passing the center voltage is measured and used to determine the sensor capacitance C sensor . For the measurement of the reference electrode (R Reference ) a DC voltage divider is used.
As reported from experiments using similar electrodes, the parasitic resistance of the metallic yarns is altered when the textile is washed in industrial washing machines [9] , [10] . In order to counter this problem, an additional reference electrode consisting of a closed loop wire is used in the insert. This enables to set the threshold value for detection of wetness according to the condition of the mat in its current state. In Figure 1 a) this electrode is shown as solid line and connected to the upper and central button. A simple lumped element model of the whole sensing device is shown in Figure 1 b): it consists of one reference resistor and a sensing resistor in parallel with a sensing capacitance.
Due to the fact, that the electrodes are potentially in direct contact with an electrolytic solution such as urine, applying a direct current (DC) voltage or current to the sensor has to be strictly avoided during the measurement. If a DC measurement would be performed, the results are potentially affected by electrolysis, double layer capacitance and resistance and in the long term the sensor can even corrode [14] . Therefore, an alternating current (AC) measurement scheme must be used, in order to measure correct parameters.
B. DEVELOPMENT OF THE ELECTRONIC MEASUREMENT UNIT
In this section the newly developed electronic system for measuring UI and alerting respective caretakers is described. The system is manufactured on a printed circuit board (PCB) and is connected to the sensor described in Section II-A. In order to measure the mats resistance and capacitance, a squarewave signal is applied to the electrodes. The system automatically performs measurements and determines whether an alarm is necessary. For wireless transmission a modular approach is chosen, where two different versions of the PCB are designed containing different wireless transmission modules. The first one uses a proprietary radiofrequency (RF) alert system, which is frequently used in retirement homes [16] FIGURE 3. Photo of the developed electronic system. The shown version of the circuit board is equipped with the WiFi module (blue), whereas the main processor is not visible on the picture, because it is placed on the backside. In the background a snipped of the sensory bed insert is shown and a coin serves as size reference.
and produced by the ELDAT Gmbh. Witin the paper this module is referred to as ''ELDAT RF module''. The second board employs a low-cost WiFi module to send data to a server over the internet [17] , which then performs alerting via a smartphone application. The latter is intended for use in private homes. A schematic representation of the whole system is shown in Figure 2 a). Additionally, a photo of the developed circuit board is shown in Figure 3 .
1) CENTRAL PROCESSOR AND POWER MANAGEMENT
As the core processing unit, a dedicated microcontroller is used. In comparison to other WDAS, where measurements and alerting is done via a pure analog circuitry [7] , [9] , [10] , a microcontroller enables a much higher degree of flexibility for the system. The processor allows superior data processing and more complex decisions for raising alarms. Additionally, to allow an easy exchange of the radiofrequency (RF) modules, the microcontroller provides several digital interfaces for communication. In the proposed system, a PSoC4200M was chosen [15] , because an analog to digital converter (ADC) and several analog comparators are integrated, which are necessary for the measurement. The processor performs acquisition of data and analyses whether an alarm is necessary. Scenarios that demand an alarm are wetness of the sensor mat or the change from an occupied to a free bed e.g.. Additionally, the processor is in charge of all power management tasks. The main processor enables power supply only to those parts which are needed at the moment. Between subsequent measurements the microprocessor is kept in a power saving ''DeepSleep'' mode.
2) MEASUREMENT SCHEME AND CIRCUIT As described in the previous section, alternating current (AC) measurements have to be performed to provide reliable, reproducible data and save the conductive yarns from corrosion. Therefore, a symmetric squarewave signal is used for measuring the resistance and capacitance of the sensing electrodes. In a microcontroller-based approach square signals can be generated easily, and also result in a simpler measurement of the amplitude, compared to sinusoidal signals. It has been reported previously, that for conductivity measurements of electrolytic solutions at a single frequency, the low kHz range is best suited [14] . Therefore, a frequency of 1 kHz is chosen for measuring the conductivity in the proposed system. A schematic representation of the measurement circuit is shown in Figure2 a). The sensor element (DUT) is placed in series with an additional shunt resistor R 1 . A squarewave signal V in is generated by the microprocessor and passed on to resistor R 1 . In order to provide a symmetric signal at the DUT, a resistor network and operational amplifier (OPA) buffer is used to generate the voltage V center , which corresponds to the center voltage of the squarewave. This static signal is applied on the other end of the DUT. The resulting voltages are passed on to the microcontroller for processing and a typical waveform as shown in Figure 2 b ) is generated. The voltage V out measured at the connection between R 1 and the sensor electrodes follows the input squarewave, although its rise is delayed by the time dt, while its maximum amplitude is reduced by dV . From the voltage divider formed by R 1 and R sensor , the sensors resistance can be calculated using the following formula:
V max in is the amplitude of the applied squarewave and V max out = V max in − dV . To perform a resistance measurement, the microcontroller measures the voltages (V max out , V max in ) at the end of a square pulse by using the internal ADC.
The rise-time dt of the signal depends on C sensor in the following way
However, when the sensor is dry (R sensor >> R 1 ) the dependence on R sensor can be neglected. In order to measure dt, two internal comparators of the microcontroller are used to start and stop a timer. The timer is started when V in rises above the center voltage V center and subsequently stopped when V out also rises above V center . For evaluation of the occupation state in the prototype only the rise time dt is employed. Therefore, within the measurements presented in Section III-A dt is plotted, although capacitance could also be calculated from it. Due to the fact that the resistance lies in the high k range during typical wetness situations, a good value for resistor R 1 has been found to be 100 k , were the occurring resistance can be measured sufficiently precise. Additionally, this leads to a time constant that is several µs long, which is a reasonable value for measurements with the employed microcontroller. For a measurement of the reference electrode shown in Figure 1 , a simpler DC measurement is performed, therefore, another voltage divider is used to determine the value of R Reference .
3) WIRELESS ALERTING
In order to set an alarm, the microcontroller activates the power supply of the respective wireless alarm units. An alarm is then sent via the radio frequency channel and the power of the module is deactivated afterwards.
The ELDAT Easywave RF alert version is the more simplistic one, providing only the core features. The module (RTM-08 [16] ) is configured via a DIP-Switch to send one specific code, which identifies the alarm raising device. The unit can be triggered by applying a high signal to one of it's pins. A receiving unit within the same room is used to forward the alarm. The receivers can start an acoustic alert or pass the alarm to a pager system. However, in this version alarms are only sent, when the bed gets wet or changes from occupied to not occupied.
Although, there are currently several technologies based on IEEE 802.15.4 or mobile networks specifically intended for low power sensors [18] , the second approach in the presented system employs WiFi for data transmission. Due to its popularity, infrastructure and access points are almost ubiquitously available. Other technologies often demand the additional installation of receivers and access points, or work only in close vicinity of the sensor. Due to its availability and simplicity for end users, WiFi is a convenient technology for wireless sensors [19] . However, it demands careful system design to keep power consumption in a reasonable range. For the ''Home'' version of the proposed electronics an additional microcontroller featuring WiFi connectivity (ESP Wroom 02 [17] ) is employed. The employed ESP Wroom module contains the microprocessor together with an on board antenna. The provided software development kit contains all necessary WiFi and TCP/IP Protocol stacks and therefore allows easy implementation of the necessary connectivity. As a connection between the main processor and the WiFi module the Universal Asynchronous Receive Transmit (UART) interface is used. The WiFi module employs access points to connect to the internet and is used to sent messages to an online server, where the server then raises alarms by means of a smartphone application. The WiFi module authenticates to the access point of the home network after wake-up and transmits the message via HTTP. The central processor is configured to send a message on every detected change. Therefore, also a transition from a free bed to an occupied one is reported, which allows a live view of the bed's state. The messages contain raw measurement data as well as the current state of the bed, i.e. wet/dry and occupied/unoccupied.
III. MEASUREMENT RESULTS
In this section, measurement results on the sensing element itself and on power consumption of the readout electronics are shown. All presented measurements on R sensor , C sensor or dt have been performed with prototypes of the electronics described in Section II-B. The sensor mat is connected by a cable containing three push-buttons to the readout electronics. Measured data is read out on a computer by using the provided UART interface.
A. SENSOR CAPABILITIES
In order to characterize the sensor and the developed electronics, different measurements, simulating wetness and occupation are conducted and measured data from a real scenario is presented. Due to the rather large sensor area used for detection, the system is prone to noise, which occurs regularly due to the motors in hospital beds, that are employed to alter the beds position. During motor operation a clear detection of occupation is often impossible. Therefore, the microcontroller performs 27 measurements of time constant, from which then the capacitance is calculated, and 12 measurements of resistance for each measurement point and calculates the average value. Typically, such a measurement point is generated every 20 s. These numbers have been determined experimentally to be sufficient, in order to perform a reliable detection of wetness and occupation in typical usage situations.
In a first test, the two detectable scenarios were simulated separately. In Figure 4 a) the resistance between the sensing electrodes is shown as a function of time during an artificial wetness event. To simulate voiding of urine, 20 mL of tap water containing 1 g L −1 NaCl are spilled on the center of the mat. The resistance values when the sensor is dry are in the high M to G range and cannot be reasonably measured with the proposed circuit. However, by adding 20 mL of the test solution the resistance drops to approximately 20 k . Afterwards, resistance values rise again, when the mat dries. This test clearly demonstrates the large difference between a wet and a dry sensor. Furthermore, the ion content of human urine can vary greatly, but is typically much higher than in the used test solution [20] . Therefore, the decrease of resistance is expected to be even larger for the majority of events caused by real urine.
A second test is performed on the occupation detection of a dry mat. the sensor. However, the baseline for an unoccupied sensor mat stays the same.
As a next test, the sensor was placed in a bed during night, in order to determine effects caused by movement and sweat. Data has been acquired during the end of the night and the early morning. The data for the time constant is plotted against time in Figure 5 . Until 7:30, a person was lying in the bed and afterwards the bed has been left empty. During occupancy the measured time constant is significantly higher, than after the bed is free again. Additionally, it can be seen, that during the night time, the measured values are fluctuating strongly. This is due to the fact, that the pose in which a person is lying on the mat has a significant influence on the measured time constant. This feature could be used in further studies to enable activity tracking of sleeping persons. The measured resistance exceeded 1.5 M during the whole night, so it can be concluded that sweat is not influencing the detection of wetness or occupation.
The fourth presented measurement, the behavior of the time constant and capacitance, calculated using eq. 2, has been determined while the sensor was wet. For this 20 mL of the previously used test solution are applied to the insert and all parameters are monitored during the drying phase. The results are plotted in Figure 6 . During the first minutes after the test solution is applied, all measured values are fluctuating. This is due to the fact, that not all the water is absorbed immediately into the textile and small drops stay on top of the sensor, which are subsequently absorbed. After all water is soaked into the sensor the values stabilize. In the upper plot of Figure 6 , the resistance is shown during two hours of drying. Additionally, also the time constant dt is shown. When water is applied to the sensor, dt drops significantly. The reason is that charging of the capacitance via the small resistance of R sensor is much faster than in the dry case (see equation 2). However, dt returns to its initial value when the resistance is approximately 400 k . The lower plot shows the relative deviation of the time constant and capacitance from the initial value, when the inset is dry. In contrast to dt, the capacitance is increasing in wet situations. Directly after spilling the water, it increases by nearly a factor of 4, but levels out at a factor of 2.5, compared to its initial value. This is caused by the formation of a double layer capacitance [14] . From the lower plot it can be seen, that the time constant returns a bit earlier to the initial value than the capacitance and is therefore preferred for the detection of occupation, as it is less affected by humidity. From the presented data it can be seen, that the baseline for the unoccupied bed returns back to its initial value after a wetness event. Thus, a threshold value is used to determine between the occupied and not-occupied state. The threshold of dt for an occupied event is set slightly above VOLUME 7, 2019 FIGURE 6. Resistance and capacitance of the sensor element while the textile is drying after a simulated wetness event, measured by the proposed device. The upper plot shows both time constant and resistance which is calculated from the time constant and from the known resistance values. In the lower plot, the relative deviation of the two values compared to the dry value (at the time t = 0) are shown.
the base value found for a unoccupied insert. Occupation is detected by the microcontroller by
whereas, the baseline dt Base can be (re)set on each unit separately with an automatic calibration measurement. Only in cases of severe wetness the baseline starts shifting, and subsequently, in case of wetness the detection of occupation is impossible. When comparing these findings with the data shown in Figure 5 , it can be seen that during typical nights without wetness events no shift of the baseline occurs. However, as an alarm is raised due to wetness, caretakers have to check on the patient anyway. Hence, it is not necessary to monitor occupation during UI.
B. POWER CONSUMPTION
In this section, the power consumption of the device is discussed. Further analysis is performed by assuming a typical usage scenario and the battery lifetime of the two developed versions is estimated. Three type AA batteries are used as the power source. To estimate average current consumption, four different modes of operation with periodic appearance are considered: Figure 7 a flowchart is presented, that shows the program procedure for a typical operation scenario. During ''standby'' the external components stay unpowered and the microcontroller is in its DeepSleep low power mode. Only the microprocessors internal low frequency clock and one low dropout regulator consume current during this phase. By employing a multimeter (Agilent 34401A) the consumption is measured to be 28 µA at the nominal battery voltage of 4.5 V. To keep time during standby, a watchdog timer is used, which wakes the microcontroller every two seconds. Within this short ''wakeup'', the processor checks if tasks like a new measurement need to be performed. If not, it directly goes to DeepSleep again. In ''measurement'' mode, the microcontroller powers the measurement circuit, generates the squarewave, performs the measurement and checks whether an alarm is necessary. In the ''alarm'' mode, the wireless modules are powered and the corresponding message is sent. This is the only case, which is different for the ELDAT and WiFi version.
All events, except ''Standby'', are relatively fast events, where the consumed currents should be measured with a high time-resolution. Therefore, the measurement for those events is done using an oscilloscope and a shunt resistor. In order to measure the consumption during ''measurement'' and ''watchdog wakeup'', a resistor with a value of 10 is used. However, to measure the power consumption during an alarm via WiFi, a resistor with a value of 2.9 is employed in order to keep the voltage drop in a reasonable range. Typical time traces during a ''measurement'' and ''WiFi alarm'' event are shown in Figure 8 . The ''measurement'' phase takes about 35 ms, most of which is spend waiting for the next cycle of the 1 kHz square signal. During the waiting phase, the CPU itself is suspended, in order to save power. Total consumption for a measurement is given by integrating over the shown trace, which results in 0.472 mA s. The same procedure is repeated, to measure the power consumption of a WiFi alarm. For the ''WiFi alarm'' the measured span contains the time needed for connection to the access point and transmitting the message to the webserver. Hence, duration and consumption are slightly different each time. In order to give a good estimate, the device is used with a typical cable based access point in a home network. By measuring the values for 10 ''WiFi alarms'' the average time has been found to be 5.2 s, where most of the time is spend for authentication to the access point. The typical time for this process found by others VOLUME 7, 2019 is around 3 s [19] . All measured parameters are summarized in Table 1 .
In order to estimate the lifetime for batteries, the following scenario is assumed. A ''measurement'' is performed every 20 s, which provides a sufficient refresh rate for detection. The ''alarm'' event is performed two times a day for the ELDAT version. However, to keep the status on the webserver up to date, and to detect when problems with the internet connectivity occur, the WiFi version needs to send a message to the server every hour and raise two additional alarms each day. The ''watchdog wakeup'' occurs every two seconds, which is the maximum possible value with the employed microcontroller. For the rest of the time, the system stays in its standby state. Assuming this scenario, the total consumed current and the respective contributions of each mode can be calculated, which is shown in Table 1 . The total lifetime on three type AA batteries is estimated to be one year for the WiFi version and 2.8 years for the ELDAT version. Comparing the contributions of the different modes, it is clear, that WiFi is consuming by far the most power. While further reduction of the measurement interval or improvement of the consumption of the other modes of operation, will only have little effect, the ELDAT RF version could still benefit from reduction of the ''measurement'' or ''standby'' consumption. However, both lifetimes are sufficiently long to keep maintenance low in various different real life applications.
IV. DISCUSSION
In the previous sections the sensor and readout electronics are characterized in terms of sensor response in different artificial and real world experiments (Section III-A) and in terms of power consumption (Section III-B). For comparison with other recent developments in the field of bet wetness alarming systems a overview is given in Table 2 .
In contrast to other work on bed wetness detection, the presented system is the only one that additionally measures occupation of the bed with the same sensor. The capability to measure multiple parameters with the same device allows a more detailed diagnosis without additional efforts. In fact the quality of care giving can be improved or the costs for service and installation is reduced by the fusion of multiple parameters in one sensor.
Other groups using textile sensors [10] report a change of sensor response with the number of washing cycles. By employing a textile sensor with additional reference electrodes, it is possible to reuse the sensing element multiple times. As opposed to many other approaches, where electrodes are disposed after usage, the reusable design is interesting from an ecological point of view. With the proposed approach no part of the device needs to be disposed after usage.
From a point of electronic system design the proposed electronics differs to many other designs (see Table 2 ) in several ways. Some other authors present purely analog measurement and threshold detection circuits (e.g. [7] , [10] ) within their sensor systems. In contrast, the proposed setup employs a microcontroller which performs all measuring tasks and also (pre-)evaluates the obtained data. Therefore, the sensor node itself is able to decide if notable changes occurred and if an update of the data is necessary. The flexible design allows fast adaption of the wireless interface and alarming behaviour and can therefore easily be accommodated into larger so called body area sensor networks [25] .
The chosen network interfaces for the proposed prototypes are based on a seamless integration in existing caring homes and households. In contrast, systems based IEEE 802.15.4 allow a reduction of power consumption, however, in the case of Bluetooth based wetness alarms, they can either be operated only in close vicinity to a smartphone [24] , [26] or need the installation of an additional Bluetooth access point to forward the alarms [23] .
When it comes to power consumption passive devices, based on RFID Tags are the most promising solutions [21] , [22] . Those sensors do not need A battery and rely on detuning of the resonant antenna by the presence of urine. However, such systems are limited in readout distance, for High Frequency RFID a few centimetres are achieved. Although with Ultra High Frequency RFID distances of a few metres could be possible, the quality of the gathered wetness data is severely limited. Therefore, both cited authors suggest a handheld reader to be used by caregivers or one reader for each bed. In the end, this is equivalent to high installation efforts. Compared to other designs using an active radio for connectivity, the proposed system performs well in terms of overall power consumption, as shown in Table 2 .
V. CONCLUSIONS
In this work a new electronic detection system for Urinary Incontinence is shown. In comparison to other systems, where sensors are attached to diapers, the presented system employs a textile sensor within a bed insert. This allows easy installation, cleaning and reuse of the sensing element and offers a significantly increased comfort for patients. Furthermore, the proposed electronics not only allows detection of a wet bed, but is also able to detect occupation of the bed with the same sensor. To the best of the authors knowledge no such other system exists to date that employs the wetness sensor to also detect occupation of a person.
The flexible system design allows adapting to use different wireless transmission technologies in future projects or integration into larger scale monitoring and diagnosis systems. Thereby, suitability of other wireless standards can be tested. Furthermore, the raw data measured for occupation shows a dependence on the pose of a sleeping person. Hence, this system could be used in future research for activity tracking during the night. Additionally, attempts to assign poses to different levels of capacitance would be of interest. Extending the sensor mat itself by adding multiple sensitive zones could allow a more sophisticated pose detection.
Within this paper two different versions of the electronic system are presented, which employ different wireless connection technologies. For the use in care homes a proprietary RF link is employed, while the second version uses WiFi and is intended for home appliance. Measurements on current consumption show that even the WiFi version achieves a battery lifetime of one year, while the ELDAT version lasts up to 2.8 years. These values can easily compete with other systems reported in literature.
The presented system is an improvement for patients as it offers high comfort and reliability at the same time. Additionally, due to the fact that the corresponding wireless interfaces are already employed regularly in elder care homes (ELDAT RF) or practically ubiquitous (WiFi), the integration of the presented system in any given scenario is expected to be fast and easy, for professional care personnel and private users alike. Since 2014, he has been a University Professor with the University of Innsbruck, Innsbruck, Austria, where he currently leads the Microelectronics and Implantable Systems Group. He has authored or co-authored one book, two book chapters, and over 70 technical publications. His research interests include circuits and systems for RF identification, analog-to-digital and digital-to-analog converter design, and analog signal conditioning circuits. He is also interested in RF circuit design for ultra-wideband and cellular applications.
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